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Abstract. LEGEND (Large Enriched Germanium Experiment for Neutrinoless Double-Beta
Decay) is a ton-scale experimental program to search for neutrinoless double beta (0νββ) decay
using high-purity germanium detectors enriched in the isotope 76Ge. An observation of 0νββ
decay would unequivocally prove the existence of lepton number violation and provide insight
into the nature of neutrino masses.
On-site construction for the first 200-kg phase (LEGEND-200) of the experiment will start
at the Gran Sasso underground laboratory (Laboratory Nazionali del Gran Sasso, Italy) in
mid-2020. In order to achieve a sensitivity of 1027 years on the 0νββ half-life, ultra-clean low-
noise signal readout electronics are essential as they impact both the background budget of the
experiment and the efficiency of background rejection. In this contribution, the current status
of the signal readout electronics for LEGEND-200 is presented.
1. Introduction
Double beta (2νββ) decay (A,Z)→ (A,Z + 2) + 2e−+ 2νe is a second order nuclear decay that
has been observed in several isotopes such as 76Ge, 130Te, and 136Xe with half-lifes in the order of
∼ 1019− 1021 yr. Neutrinoless double beta (0νββ) decay (A,Z)→ (A,Z + 2) + 2e− is forbidden
in the Standard Model (SM) of particle physics as it violates lepton number conservation and
has so-far not been observed experimentally. The observation of 0νββ decay would therefore
unequivocally prove the existence of lepton number violation, new physics beyond the SM, and
provide insight into the nature of neutrino masses (see e.g. [1]).
Using high purity germanium (HPGe) detectors enriched in the isotope 76Ge to search for
0νββ decay is one of the most promising experimental techniques: HPGe detectors are a
commercially mature technology;they can be enriched to up to & 88% in 76Ge; they have
excellent energy resolution and a high detection efficiency for ββ interactions. Very good
background discrimination is enabled by the spatial and timing information that can be extracted
from HPGe detector signals. The primary signature for 0νββ decay is a distinctive peak at the
Q value (Qββ = 2039 keV) of the decay.
2. LEGEND
The Large Enriched Germanium Experiment for Neutrinoless Double-Beta Decay (LEGEND)
collaboration is developing a tonne-scale 76Ge experimental program with discovery potential
at half-lifes > 1028 yr [2]. The first phase of the LEGEND program, LEGEND-200, is currently
under construction and will use 200 kg of HPGe detectors enriched in the isotope 76Ge.
Detector installation and commissioning at the experimental site at the Gran Sasso underground
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laboratory (Laboratori Nazionali del Gran Sasso, Italy) is scheduled to begin in mid-2020 with
data taking starting in early 2021. LEGEND-200 is designed to achieve a background level of
0.6 cts/(FWHM t yr) in the region of interest (ROI) around Qββ and is expected to reach a
half-life sensitivity of 1027 yr after taking data for 5 years. Subsequent phases of the LEGEND
program (LEGEND-1000) will gradually increase the total detector mass to 1000 kg while at the
same time reducing the radioactive background in the ROI to 0.1 cts/(FWHM t yr). LEGEND-
1000 will be operated in a new experimental infrastructure which will allow the deployment and
operation of several individual payloads.
3. Signal Readout Electronics for LEGEND-200
LEGEND-200 uses a resistive-feedback charge-sensitive amplifier (CSA) that is operated within
the liquid argon (LAr) volume of the detector (see [2] for additional details about the exper-
imental setup). The CSA is separated into two stages in order to meet stringent radiopurity
constraints.
Figure 1. Image of a prototype LMFE
device for LEGEND-200.
The first stage – the Low Mass Front End (LMFE) –
is a custom low-mass, low-background, circuit which is
located only a few mm away from each HPGe detec-
tor. It is based on the front end used in the Majo-
rana Demonstrator experiment [3]. A realised pro-
totype device is shown in Figure 1. For each LMFE,
only . 1 µBq of radioactivity can be tolerated. There-
fore, the LMFE is fabricated on an ultra-clean Suprasil
substrate using titanium-gold (TiAu) traces, an in-die
junction field effect transistor (JFET, Moxtek MX11)
and an amorphous germanium thin-film feedback re-
sistor (RF ≈ 1 − 2 GΩ at 87 K). The a feedback
capacitance (CF ≈ 400 nF) and pulser capacitance
(CP ≈ 100 nF) for test-pulse injection are formed by the stray capacitance between the TiAu
traces. Preliminary assay results indicate that the required radiopurity will be achieved.
The second stage is a differential amplifier that is located at a distance of ∼ 30 - 150 cm away
from the HPGe detector where a slightly higher radioactivity of 50 µBq per channel can be tol-
erated. The amplifier is based on the signal amplifier used in the GERDA experiment [4] and
is fabricated using commercial off-the-shelf surface mount components on clean Kapton circuit
boards. All components are assayed prior to fabrication in order to ensure the radiopurity goals
are met. The first and second stage are connected via 4 low-mass coaxial cables (Axon picocoax)
which are custom made using specifically sourced and assayed copper wires and dielectric mate-
rial. Figure 2 shows a simplified circuit diagram of the CSA as well as an image of a prototype
assembly used in benchtop measurements.
The CSA is designed with several key performance parameters in mind: a low electronic
noise equivalent to < 1 keV FWHM and an energy resolution of . 2.5 keV in the ROI at
Qββ = 2039 keV; a fast rise time of . 100 ns to allow pulse shape discrimination analysis of
the signals; a high linearity of up to 10 MeV to detect high energy α decays which would
provide information to model the background of the experiment; and the ability to drive a ∼ 10
m long transmission line between the differential amplifier and the data acquisition system.
Figure 2. Simplified circuit diagram of the LEGEND-200 signal readout electronics (top) and
image of a realised prototype of the electronics used in bench-top measurements (bottom).
4. Summary
LEGEND-200 is the first phase of the LEGEND experimental program and will operate 200
kg of HPGe detectors enriched in the isotope 76Ge to search for 0νββ decay with a half-life
sensitivity of 1027 yr. A key aspect in reaching this unprecedented sensitivity is the reduction of
radioactive contaminations in the vicinity of the detectors and the background reduction through
pulse shape discrimination. Low-mass, low-background signal readout electronics are essential to
achieve both aspects. LEGEND-200 uses a resistive feedback charge-sensitive amplifier, operated
in LAr, that is based on previous successful deployments by the GERDA and Majorana
Demonstrator experiments. On-site construction for LEGEND-200 will start in mid-2020
at the Gran Sasso underground laboratory in Italy.
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